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Abstract

Aims: This study is to estimate the status and comparison of glucose intolerance in female breast cancer patients at initial
diagnosis and during chemotherapy through an oral glucose tolerance test (OGTT), as well as to learn the effect of
chemotherapy on the glucose metabolism of breast cancer patients.

Methods: All the 79 breast cancer patients at initial diagnosis, with the mean age of 53.2 years, and 96 breast cancer
patients before the 5th or 6th cycle of chemotherapy, with the mean age of 51.5 years, participated in the study from
December 2012 to October 2013. After an overnight fast, participants underwent OGTT test, and fasting and 2-hour glucose
levels were measured to identify undiagnosed diabetes and prediabetes (i.e., impaired fasting glucose or impaired glucose
tolerance) in them. Previously diagnosed diabetes among the female breast cancer patients was determined on the self-
report and the medical record.

Results: The overall incidences of total normal glucose tolerance, prediabetes, diabetes in female breast cancer patients at
initial diagnosis and during chemotherapy were 24.1% and 38.5% (p,0.05), 50.6% and 28.1% (p,0.05), and 25.3% and
33.3% (p.0.05), respectively, and the differences of normal glucose tolerance and prediabetes instead of diabetes between
the two groups were statistically significant. About 84% of the total diabetes and prediabetes in the female breast cancer
patients at initial diagnosis and 79.7% of those during chemotherapy need to be diagnosed with OGTT.

Conclusions: Breast cancer patients have high incidences of diabetes and prediabetes. After chemotherapy even with
steroids, some breast cancer patients with abnormal glucose metabolism may even become normal. Isolated hyperglycemia
2 hours after glucose loading is common, and OGTT should be made for breast cancer patients at initial diagnosis and
during chemotherapy.
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Introduction

Breast cancer is the commonest one of female malignancies

worldwide and another major health problem in developed

countries is diabetes mellitus, both with a raising tendency [1–3].

Diabetes is associated with multiple factors that may also be the

risk factors of breast cancer, such as comorbidities, old age, lack of

physical activity, obesity, low parity, genetic predisposition and

metabolic syndrome [4]. Diabetes may take effects on breast

cancer because of associated end organ damage which may

influence therapy choices, affect therapeutic toxicities, and cause

worse outcomes [5–7]. It was reported that about 16% of breast

cancer patients worldwide had diabetes and that diabetic

individuals tended to have poorer survival following treatment

for breast cancer [8,9]. Breast cancer patients often receive steroids

as a component of their chemotherapy. It was believed that

steroids and chemotherapeutics had profound effects on glucose

metabolism, particularly on postprandial hyperglycemia [10,11]. It

was reported that, in the United States, impaired glucose tolerance

was an independent predictor for cancer mortality [12] and even a

few days of hyperglycemia had deleterious effects on the immune

system [13].

In China, the statistical data indicated that the prevalences of

total diabetes (both previously diagnosed diabetes and previously

undiagnosed diabetes) and prediabetes in adults older than 20

years were 9.7% (10.6% among men and 8.8% among women)
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and 15.5% (16.1% among men and 14.9% among women),

respectively. Epidemiologic studies suggest that type 2 diabetes

(T2DM) increases breast cancer risk and goes along with an

increased mortality [14]. The previously reported findings have

not all been consistent, owing to methodological differences in

sampling and to differences in the criteria used to define diabetes

[15]. Furthermore, the prevalences of diabetes and prediabetes

were probably under estimated in these studies because 2-hour

oral glucose-tolerance tests (OGTT) were not performed in all

participants [16]. It has been reported that isolated hyperglycemia

2 hours after glucose loading is common among Asian diabetic

patients [17]. In the Shanghai of China diabetes study, 48.6% of

patients with newly diagnosed diabetes had isolated hyperglycemia

2 hours after glucose loading, and 75.0% of those with prediabetes

had isolated impaired glucose tolerance [18].

Our previous study on the status of total diabetes and

prediabetes in breast cancer patients after systemic treatment

through OGTT in Southwest of China showed that the overall

incidences of total diabetes and prediabetes were 21.8% and

43.7%, respectively; about 80% of the diabetes were previously

undiagnosed; about 80.0% of the cases of undiagnosed diabetes

and prediabetes met the criteria for elevated 2-hour plasma

glucose levels through OGTT instead of the criteria for elevated

fasting glucose levels [16]. However, there have been no detailed

studies about the status and comparison of isolated hyperglycemia

2 hours after glucose loading in breast cancer patients at initial

diagnosis and during chemotherapy through OGTT.

This study is aimed to provide current and reliable data on the

status of total diabetes (both previously diagnosed diabetes and

previously undiagnosed diabetes) and prediabetes (i.e., impaired

fasting glucose or impaired glucose tolerance) as well as the status

of isolated hyperglycemia 2 hours after glucose loading in breast

cancer patients at initial diagnosis and during chemotherapy

through OGTT in China, and in the meantime, involves the

research on the effect of chemotherapy on the glucose metabolism

of breast cancer patients.

Methods

Study participants
This study were conducted in the Breast Cancer Center of

Chongqing, the First Affiliated Hospital of Chongqing Medical

University, where is situated in the southwest of China. There are

approximately 31.4 million people who live in about

82,402.95 km2 area of Chongqing. This study was approved by

The Ethics Committee of the First Affiliated Hospital of

Chongqing Medical University, and all patients gave written

informed consent. The female breast cancer patients received six

cycles of TEC regimen (docetaxel, epirubicin and cyclophospha-

mide) or CEF regimen (cyclophosphamide, epirubicin and 5-

flouracil) every three weeks. The women who were treated with

docetaxel received 7.5 mg of dexamethasone (by oral administra-

tion) 24 hours, 12 hours, and, immediately before receiving

docetaxel (per the product specification). All the 79 breast cancer

patients at initial diagnosis, with the mean age of 53.2 years

(ranging from 24 to 75), and 96 breast cancer patients, with the

mean age of 51.5 years (ranging from 30 to 72), before the 5th or

6th cycle of chemotherapy, i.e., in about three weeks after the

previous cycle of chemotherapy, participated in the study from

December 2012 to October 2013. All subjects were informed

about the purpose of the study and signed the informed consent

form. After an overnight fast, all the breast cancer patients except

the self-reported or medical-recorded patients with diabetes

underwent OGTT, and fasting and 2-hour glucose levels were

measured to identify undiagnosed diabetes and prediabetes (i.e.,

impaired fasting glucose or impaired glucose tolerance) in them.

Previously diagnosed diabetes among the female breast cancer

patients was determined on the self-report and the medical record.

Oral glucose tolerance test
Participants were instructed to keep their usual physical activity

and, diet for at least three days before OGTT. After at least

10 hours of overnight fasting, venous blood specimen was

collected in a vacuum tube containing sodium fluoride, for the

measurement of plasma glucose. Participants with no history of

diabetes mellitus were given a standard 75-g glucose solution,

blood samples were drawn at 0, 30, 60 and 120 minutes after the

glucose load to measure glucose concentrations. Plasma glucose

was measured at The Clinical Endocrine Laboratories of The First

Affiliated Hospital of Chongqing Medical University. The

laboratory successfully completed a standardization and certifica-

tion program.

Their glucose intolerance was evaluated based on a 75 g

OGTT according to the World Health Organization criteria:

isolated impaired fasting glucose (IIFG, fasting glucose level,

$6.1 mmol/L and ,7.0 mmol/L, and 2-hour glucose level

through OGTT ,7.8 mmol/L), isolated impaired glucose toler-

ance (IIGT, fasting glucose level, ,6.1 mmol/L, and, 2-hour

glucose level through OGTT, $7.8 and ,11.1 mmol/L),

combined impaired fasting glucose and impaired glucose tolerance

(CIFGIGT, fasting glucose level, $6.1 and ,7.0 mmol/L, and 2-

hour glucose level through OGTT, $7.8 and ,11.1 mmol/L),

and undiagnosed diabetes (fasting glucose level, $7.0 mmol/L, or

2-hour glucose level through OGTT, $11.1 mmol/L, or both).

Total diabetes includes both previously diagnosed diabetes (PDD)

and previously undiagnosed diabetes (PUD). Prediabetes was

defined as either impaired fasting glucose (IFG) or, impaired

glucose tolerance (IGT).

Statistical Analysis
This study was designed to provide accurate estimations of the

status of diabetes, prediabetes in the breast cancer patients at

initial diagnosis and during chemotherapy in the southwest of

China. The difference of the glucose metabolism status between

female breast cancer patients at initial diagnosis and during

chemotherapy were test by Chi-square test. SPSS 20.0 statistical

software was used for analysis and a P,0.05 was considered

significantly different.

Results

The overall incidence of total diabetes (25.3%, including 5.1%

PDD & 20.2% PUD) in 79 cases of breast cancer at initial

diagnosis was lower than that (33.3%, including 5.2% PDD &

28.1% PUD) in 96 cases of breast cancer during chemotherapy,

but without significant difference (p.0.05) (seen in Table 1). The

overall incidences of total diabetes and prediabetes in the female

breast cancer patients at initial diagnosis and during chemother-

apy were 75.9% and 61.5%, respectively (seen in Fig.1). About

84.0% of the total diabetes and prediabetes in the female breast

cancer patients at initial diagnosis and 79.7% of those during

chemotherapy need only to be diagnosed with OGTT (seen in

Fig.2). The incidences of previously undiagnosed diabetes in

diabetic breast cancer patients at initial diagnosis and during

chemotherapy were 80.0% and, 84.4%, respectively (seen in

Fig.2). The incidence of prediabetes (50.6%) in breast cancer

patients at initial diagnosis was significantly higher than that

(28.1%) in those during chemotherapy (p,0.05), meanwhile, the
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incidences of IIGT in breast cancer patients with prediabetes at

initial diagnosis and during chemotherapy were 87.5% and

74.1%,respectively (seen in Table 1 and Fig.2). The incidence of

normal glucose tolerance (24.1%) in breast cancer patients at

initial diagnosis was significantly lower than that (38.5%) in those

during chemotherapy (p,0.05) (seen in Table 1).

The incidences of IIFG, IIGT, CIFGIGT, PUD and PDD,

among these female adult breast cancer patients at initial diagnosis

and during chemotherapy, were 1.3% & 1.0%, 44.3% & 20.8%,

5.1% & 6.3%, 20.2% & 28.1%, and 5.1% & 5.2%, respectively

(seen in Fig.1).

Discussion

Breast cancer is the commonest one of women malignancies

worldwide and another major health problem in developed

countries is diabetes, both with a raising tendency [1,2]. Precise

knowledge of the complex associations and interactions between

diabetes and breast cancer, which may be named as breast

oncodiabetology or, diabeto-oncology, is of great importance for

their prevention and, treatment. Diabetes is clearly an over-

whelming pandemic with deathly consequences. The risk of death

among people with diabetes is twice that of people of a similar age

without diabetes [19]. Diabetic adults have heart disease death

rates that are 2 to 4 times higher than those of adults without

diabetes, and the risk for stroke is also 2 to 4 times higher among

people with diabetes [20]. T2DM doubles the risk of all-cause

mortality and is also the leading cause of end-stage renal disease,

blindness, and non-traumatic amputations [21]. It has been

reported that diabetes has been associated with substantial

premature death from several cancers, infectious diseases, and

degenerative disorders [22]. In China, because of the rapid change

in life style, there is concern that diabetes may become epidemic.

The recent statistical data indicated that the prevalence of diabetes

and prediabetes in female adults older than 20 years was 8.8% and

14.9%, respectively [23].

A link between diabetes and cancer was first proposed in 1934

and has been investigated extensively [1,24,25]. Epidemiologic

studies suggest that diabetes increases breast cancer risk and goes

along with an increased mortality [21]. It was reported that up to

16% of breast cancer patients worldwide had diabetes and that

diabetic individuals tend to have poorer outcomes following

treatment for breast cancer [8].

It is reported, in the United States, that compared with those

having normal glucose tolerance, adults with impaired glucose

tolerance had the greatest adjusted relative hazard of cancer

mortality, suggesting that impaired glucose tolerance is an

independent predictor for cancer mortality [12]. Some studies

suggest that even a few days of hyperglycemia have deleterious

effects on the immune system [13]. However, there has been

limited studies about the accurate status and comparison of total

diabetes (previously diagnosed diabetes plus undiagnosed diabe-

tes), prediabetes, post-prandial hyperglycemia in breast cancer

patients at initial diagnosis and during chemotherapy.

Our results indicate that diabetes has reached epidemic

proportions in the female breast cancer patients at initial diagnosis

and during chemotherapy in southwest of China. Of the 79 breast

cancer patients at initial diagnosis and 96 cases during chemo-

therapy, the overall incidences of total diabetes and prediabetes in

the female breast cancer patients at initial diagnosis and during

chemotherapy were 75.9% and, 61.5%, respectively. The overall

incidences of total diabetes (previously diagnosed plus previously

undiagnosed diabetes) in the female breast cancer patients at initial

diagnosis and during chemotherapy were 25.3% and 33.3%,

respectively, which were obviously higher than that (8.7%) of

normal Chinese population [23]. And in 80.0% of diabetic breast

cancer patients at initial diagnosis and 84.4% of diabetic breast

cancer patients during chemotherapy, the diabetes are previously

undiagnosed. In addition, 50.6% of breast cancer patients at initial

diagnosis and 28.1% of breast cancer patients during chemother-

apy have prediabetes, which is an important risk factor for the

development of overt diabetes and cardiovascular disease [26,27].

While the prevalence of prediabetes in normal Chinese population

was only 14.8% [23]. Randomized clinical trials have shown that

interventions involving diet and exercise reduce the risk of diabetes

among people with prediabetes [28,29]. Public health measures

Figure 1. Status of glucose intolerance in female normal population and female adult breast cancer patients at initial diagnosis and
during chemotherapy. Abbreviation: NP- Normal Population [14], BCID- breast cancer patients at initial diagnosis, BCDC- breast cancer patients
during chemotherapy, NGT: Normal glucose tolerance, IIFG: Isolated impaired fasting glucose, IIGT: Isolated impaired glucose tolerance, CIFGIGT:
combined impaired fasting glucose and impaired glucose tolerance, PUD: Previously undiagnosed diabetes, PDD: Previously diagnosed diabetes.
doi:10.1371/journal.pone.0093630.g001
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should be undertaken to mitigate the consequences of new cases of

diabetes in breast cancer patients at initial diagnosis and during

chemotherapy. Importantly, about 75.9% of the female adult

breast cancer patients at initial diagnosis and 61.5% of the female

adult breast cancer patients during chemotherapy in china have

diabetes and prediabetes, but only 5.1% of these patients at initial

diagnosis and 5.2% of cases during chemotherapy were diagnosed

as diabetes, with most of the diabetes and prediabetes undiag-

nosed. About 84% of the total diabetes and prediabetes in the

female breast cancer patients at initial diagnosis and 79.7% of

those during chemotherapy need only to be diagnosed with

OGTT. So, a large multicentric study involving a whole country

representative sample of Chinese breast cancer patients at initial

diagnosis and during chemotherapy is needed, this may provide an

accurate evaluation of the diabetes and prediabetes burden in

Chinese female adult breast cancer patients at initial diagnosis and

during chemothherapy.

During chemotherapy for breast cancer patients, the glucocor-

ticoid dexamethasone is widely used to prevent side effects [30]. It

is considered that steroids affect post-meal glucose much more so

than morning fasting sugars and glucocorticoid administration is

associated with impairment of insulin sensitivity, elevations in

peripheral glucose levels, and the suppression of the hypothalamic

– pituitary – adrenal axis [31]. It was reported that glucocorti-

costeroids (steroids) and chemotherapy had profound effects on

glucose metabolism, particularly on postprandial hyperglycemia

[10,11]. Our results indicate that, the overall incidence of total

diabetes (33.3%) in breast cancer patients during chemotherapy

increased more obviously than that (25.3%) in breast cancer

patients at initial diagnosis and the incidence of previously

undiagnosed diabetes (84.4%) in diabetic breast cancer patients

during chemotherapy were also much higher than that (80.0%) in

breast cancer patients at initial diagnosis, but without statistical

difference (p.0.05). Meanwhile, it is also found that the incidence

of prediabetes (50.6%) in breast cancer patients at initial diagnosis

was significantly higher than that (28.1%) in those during

chemotherapy (p,0.05) and the incidence of normal glucose

tolerance (24.1%) in breast cancer patients at initial diagnosis was

significantly lower than that (38.5%) in those during chemotherapy

(p,0.05). These findings suggest that though chemotherapeutics

and steroids had certain effects on glucose metabolism, particularly

on postprandial hyperglycemia, but without statistical difference,

and most importantly, after chemotherapy even with steroids,

some breast cancer patients with abnormal glucose metabolism

may become normal with statistical difference. These may be

related to the hypothesis of breast oncodiabetology that after

chemotherapy and / or surgery, diabetes-inducing factors caused

by breast cancer cells are completely or partially relieved and the

reversible diabetes and prediabetes in breast cancer patients

become alleviated or, even become normal, which need to be

further studied.

These findings, which are firstly based on certain population

based study involving one center representative sample of Chinese

breast cancer women at initial diagnosis and during chemother-

Figure 2. Component of diabetes and prediabetes among female breast cancer patents after initial diagnosis & during
chemotherapy. Abbreviation: IIFG: Isolated impaired fasting glucose, IIGT: Isolated impaired glucose tolerance, CIFGIGT: Combined impaired fasting
glucose and impaired glucose tolerance, PUD: Previously undiagnosed diabetes, PDD: Previously diagnosed diabetes.
doi:10.1371/journal.pone.0093630.g002

Table 1. comparison of glucose intolerance in female breast cancer patients at initial diagnosis and during chemotherapy through
OGTT.

Normal glucose tolerance Prediabetes Diabetes Total

Group of Initial diagnosis 19 (24.1%)* 40 (50.6%)* 20(25.3%)** 79 (100%)

Group of during chemotherapy 37 (38.5%)* 27 (28.1%)* 32(33.3%)** 96(100%)

*p,0.05,
** p.0.05.
doi:10.1371/journal.pone.0093630.t001
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apy, should provide an firstly relative accurate estimation of the

diabetes and, prediabetes burden in female adult breast cancer

patients at initial diagnosis and during chemotherapy in southwest

of China. In addition, the diagnosis of diabetes and prediabetes

were firstly established on the basis of both fasting plasma glucose

levels and 2-hour plasma glucose levels in an oral glucose-

tolerance test, and these measurements were obtained with the use

of stringent quality control procedures.

Several previous studies have documented high prevalence of

diabetes in breast cancer patients [32]. However, in those studies,

OGTT were not performed in the entire study population;

therefore, the true incidence of undiagnosed diabetes may have

been underestimated. Therefore, in the previous research, we

firstly studied the status of total diabetes and prediabetes in breast

cancer patients after systemic treatment through OGTT in

Southwest of China and found that the overall incidences of total

diabetes and prediabetes were 21.8% and, 43.7%, respectively;

about 80% of the diabetes were previously undiagnosed; about

80.0% of the cases of undiagnosed diabetes and, prediabetes met

the criteria for elevated 2-hour plasma glucose levels through

OGTT but not the criteria for elevated fasting glucose levels [16].

In the present study, 80.0% of the cases of diabetes and, 87.5%

of the cases of prediabetes in breast cancer patients at initial

diagnosis as well as 84.4% of the cases of diabetes and 74.1% of

the cases of prediabetes in breast cancer patients during

chemotherapy met the criteria for elevated 2-hour plasma glucose

levels through OGTT, but not the criteria for elevated fasting

glucose levels. Even accounting for differences in diagnostic

criteria, our study firstly documents high incidences of previously

undiagnosed diabetes and prediabetes in female adult breast

cancer patients at initial diagnosis and during chemotherapy in

Southwest of China.

It has been suggested that isolated hyperglycemia 2 hours after

glucose loading is common among Asian patients with diabetes. It

was found that in a pooled analysis of Asian cohorts, more than

half of the subjects with diabetes had isolated hyperglycemia

2 hours after glucose loading and three quarters of the subjects

with prediabetes had isolated impaired glucose tolerance [17].The

latest statistical data for Chinese population also indicated that

46.6% of the cases of diabetes and 70.7% of the cases of

prediabetes met the criteria for elevated 2-hour plasma glucose

levels in OGTT but not the criteria for elevated fasting glucose

levels, and documented a large increase in the prevalences of

previously diagnosed diabetes, previously undiagnosed diabetes,

and prediabetes in Chinese population [23]. Our results firstly

indicate that about 80% of the female adult diabetic breast cancer

patients at initial diagnosis and 84.4% of the female adult diabetic

breast cancer patients during chemotherapy had isolated hyper-

glycemia 2 hours after glucose loading as well as 87.5% of the

female adult breast cancer patients with prediabetes at initial

diagnosis and 74.1% of the subjects with prediabetes during

chemotherapy had isolated impaired glucose tolerance, which are

much higher than those of Asian and Chinese normal population.

This means that without OGTT, most of the diabetes and

prediabetes in adult breast cancer women at initial diagnosis and

during chemotherapy cannot be confirmed, therefore, OGTT

should be made for the breast cancer patients at initial diagnosis

and during chemotherapy (seen in Fig.2).

This study has several limitations. First, it is only small samples

and one center based prospective study on the incidences of

diabetes and prediabetes in women breast cancer patients at initial

diagnosis and during chemotherapy, and a large samples and

multicenter-based study involving a nationally representative

samples of Chinese female breast cancer patients are needed.

Second, comparison of glucose intolerance in female breast cancer

patients at initial diagnosis and during chemotherapy through

OGTT was not carried out in the same patient.

In summary, our results show that diabetes and prediabetes are

highly prevalent in the female adult breast cancer patients at initial

diagnosis and during chemotherapy in southwest of China. More

troublesome is the finding that the majority of cases of diabetes

and prediabetes in the breast cancer women at initial diagnosis

and during chemotherapy in southwest of China are undiagnosed.

These results indicate that diabetes has become a major public

health problem in breast cancer patients and that strategies aimed

at the prevention, detection, and treatment of diabetes in breast

cancer patients at initial diagnosis and during chemotherapy are

needed in China. Chemotherapeutics and steroids had certain

effects on glucose metabolism, particularly on postprandial

hyperglycemia, but most importantly, after chemotherapy even

with steroids, some breast cancer patients with abnormal glucose

metabolism may become normal. Isolated hyperglycemia 2 hours

after glucose loading is common, and, OGTT should be made for

the breast cancer patients at initial diagnosis and during

chemotherapy.
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